Arbuscular mycorrhizal fungi (AMF) have an important role on the ecosystem stability promoting water and nutrient acquisition by plants and allowing their growth under stress conditions including drought and salinity. This study aimed at describing the colonization of native AMF associated to pioneer plant species growing at the mouth of lake Budi, which receive seasonally marine water. For this, root samples and rhizosphere substrate of Polygonum maritimum, Carpobrotus chilensis, Ambrosia chamissonis, Ammophyla arenaria were collected and analyzed. Mycorrhizal root colonization, spore and hyphal density, and some soil chemical properties (pH, conductivity, organic matter -OM-, and microbial activity) were determined. Results showed that A. Arenaria presented the highest root colonization (53%), mycelium (10 m g -1 ) and AMF spores (300 spores in 100g of substrate) densities, which were highly correlated with an elevated OM content (1.64%; r=0.53, r=0.48 y r=0.87, respectively) and soil microbial activity (3.57 µg fluorescein g -1 h -1 ; r=0.89 r=0.76 and r=0.53, respectively). On the other hand, a low AMF species richness was found in the rhizospheric soils of all four evaluated plants, finding a total of five AMF species. Nevertheless, one of these corresponds to a new specie (Corymbilomus pacificum), which was associated to A. arenaria. Our results suggest an important role of AMF associated to pioneer plants in saline ecosystems, especially enhancing the establishment of A. arenaria and Amb. chamissonis, which could promote a further nurse effect that allow the establishment of other plant species. AM fungi could be considered as a biotechnological tool since they could be used for stabilization of coastal ecosystems, and in soils under saline or hydric limitations.
Introduction
Arbuscular mycorrhizal fungi (AMF, phylum Glomeromycota) are essential microorganisms involved in ecosystem stability and functioning due to their important role enhancing water and nutrient acquisition and promoting the tolerance to different biotic and abiotic stresses (Schüβler et al., 2001; van der Haudens and Sanders, 2002; Oehl and Sieverding, 2004; Caporale et al., 2014) . In this sense, it has been noticed that AMF may improve the tolerance to dry stress and phytopatogens (Hooker et al.,1994; Banuelos et al., 2014) produced by high salinity in coastal ecosystems. On the other hand, AMF are able to affect the composition and structure of vegetal community (vander Heijdenand Vosatka 1999) , and plants growth (Streitwolf-Engel et al., 1997) .
There are different levels of functional compatibility in the arbuscular mycorrhizal (AM) symbiosis, having an important effect over the floristic composition in the different types of ecosystems and being determinant for the structure of plant community as consequence of diverse dependence degrees between plant species and AMF (Sánchez, 2009 ).
In coastal ecosystems AMF promote aggregation of sand particles, controlling the wind erosion and increasing the water holding capacity of substrate (Sylvia and Will, 1988) . AMF have a direct effect in the nutrient uptake of plants enhancing the interaction between physicalchemical matrix of substrate and biotic component from ecosystem (Gonzales et al., 1995) . Some previous studies about plant growth and establishment of pioneer species suggested a high dependence for AMF, which enhance the water and nutrients acquisition from poor substrates in coastal ecosystems (Gonzales et al., 1995) . Therefore, the plant community composition and the succession of plants strongly depend on mycorrhizal status of plants in those environments (Nicolson and Johnston, 1979; Gonzales et al., 1995; Gomes da Souza et al., 2010) . Lake Budi is an unusual coastal lake in La Araucanía Region (Southern Chile). When the lake water levels rise after high winter rainfalls or during exceptionally high tides, the lake connects with the Pacific Ocean, while it is rarely connected during the summers . During high tides, ocean water enters to the lake, giving it a brackish nature (1.5-2.0% salt; Basualto et al., 2006) . In this lakeshore, plant species corresponding to halophytes and macrophytes are adapted to different types of biotic and abiotic stresses including salinity, drought and low levels of nutrients (Hauenstein, 2005) .
In Chile, Gonzales et al. (1995) noticed the presence of AMF associated to A. arenaria. However, studies that describe and highlight the presence and possible effects of AMF in the growth, establishment and tolerance of these types of plants in the particular lakeshore above described have not yet been carried out. Therefore, the objective of this study was to describe the presence of AMF associated to the rhizosphere of pioneer plants from mouth of lake Budi, and to determine their relation with some soil parameters which could explain the establishment of these plants under stress conditions.
Materials and Methods

Study site
Lake Budi (approximately 56 km , 2006; 2008) . Fragmentation of ecosystem has been described for lake Budi (Hauenstein et al., 2005) due to the development of different human activities as agriculture which contributes to this process. were taken and characterized (Table 1) . .
Plants and substrate sampling
AM fungal analysis
Arbuscular rmycorrhizal root colonization was quantified using a dissection microscope (20-40X)
after clearing a portion of roots in 10% KOH (w/v) and staining in 0.05% trypan blue in lactic acid (w/v).
The gridline intersection method (Giovannetti and Mosse, 1980) was used to determine the proportion of root colonized by AMF. The spores were separated from soil by wet sieving and decanting in a 70% (w/v) sucrose solution (Gerdemann and Nicolson, 1963 ) and quantified using a dissecting microscope. Additionally, some spores were stored and analyzed for morphology and subcellular structures based on observations of specimens mounted in polyvinyl alcohol-lactic acidglycerol (PVLG; Koske and Tessier, 1983) , a mixture of PVLG and Melzer's reagent (Brundrett et al., 1994) , a mixture of lactic acid and water at 1:1, Melzer's reagent, and water (Spain 1990 ). The total extraradical mycorrhizal hyphae were determined by the method described in Borie et al. (2000) . To quantify the total hyphal density, we used Newman`s intersect gridline method (1966).
Statistical analyses
For all the studied variables, one-way ANOVA 
Results
Characterization of soil samples
The results showed homogeneous ph values in all the analyzed rhizosphere samples (6.1-6.3, Table 2 ).
In 
AM fungal characteristics
The four plants species analyzed presented mycorrhizal colonization in their roots, reaching the highest values in Amb. chamissonis and A.
arenaria, whereas the other two species showed low root colonization percentages (Table 3) Corymbiglomus pacificum which was recently described from lake Budi (Medina et al., 2014) . 
Relations between substrate characteristics and AM fungal characteristics
Bivariate correlation analysis showed the presence of numerous significant relationships in all parameters evaluated (Table 4) , highlighting those among the OM of the substrate, the FDA rhizosphere activity and the spore density in the soil. The PC1 was significantly associated with all variables, except for pH and EC, where in the first case the correlation was Arbuscularmycorrhizal fungi in plants from lakeBudi negative and in the second there were no association with this variable. Meanwhile, the conductivity was significantly related to the PC2 (Table 4) a next step (Gonzales et al., 1995) . Ammophila arenaria develops a long root system which may be colonized by AMF (Giovannetti and Nicolson, 1983; Giovannetti et al., 1985; Kowalchuk et al., 2002; Maremmani et al., 2003; Rodríguez-Echevarría et al., 2008) . Previous studies have shown that a number of AM fungal species belonging to several genera (e.g., Acaulospora, Diversispora, Funneliformis, Glomus, Racocetra, and Scutellospora) are associated with A. arenaria (Błaszkowski, 1994; Kowalchuk et al., 2002; Rodríguez-Echeverría and Freitas, 2006; Estrada et al., 2011) .
The results presented in this study are in agreement with other studies of AMF colonization in vascular plants from coastal areas, showing in most of the cases a high dependence of the symbiosis for the
Discussion
In coastal ecosystems pioneer plant species that colonize sites need some individual tolerance mechanisms (Gonzales et al., 1995) . In this sense, the symbiosis between AMF and vascular plants is a common and important strategy to overcome the diverse limitations for plant establishment in this kind of ecosystems (Godoy and Gonzales, 1994) . As observed in the initial characterization of the substrate (Table 1) of other plant species due to its ability to accumulate sediment and nutrients that can be used by other plants (Huiskes 1979; De Rooij-van der Goes et al., 1997) . However, its role as a source of mycorrhizal inoculum has been little studied. Based on our results,
Amb. chamissonis appears to be highly dependent of AMF. However, the number of propagules, especially resistance spores, was significantly lesser compared to A. arenaria, so its role promoting the colonization of new individuals of the same or other plant species might be less important due to a minor inoculum potential.
Some diversity studies have previously described a number of AMF species associated with coastal ecosystems highlighting some species which are able to generate spores of a big size such as the genera Gigaspora, Scutellospora, Glomus and Pacispora (Estrada et al., 2011) . In comparison, the species identified in our study are similar to those described for other coastal ecosystems, highlighting among them a newly created genus, Corymbiglomus. In fact, the AM fungal species Corymbiglomus pacificum corresponds to the first AM fungus species of coastal ecosystems described in Chile (Medina et al., 2014) , and forms an important proportion of the AMF communities in the rhizosphere of A. arenaria in this study. Reinforcing,
A. arenariais the dominant pioneer plant species growing on the alluvial-stony lakeshore at the mouth of lake Budi which has high sand burial tolerance and promotes dune formation through sand accumulation (Huiskes 1979; De Rooij-van der Goes et al., 1997) .
Also, Amb.chamissonis has been described as a promoter of coastal dune formation in Chile (San Martin et al., 1992) .
The latter two aspects may be important, due to the characterization of the AMF communities, and its reproduction could allow its use in biotechnological programs in coastal dunes and ecological recovery through the establishment of plant species recognized as promoter of dune formation, especially when the AMF species better adapted to the limiting conditions of coastal ecosystems are used.
Conclusions
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